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VOLTAGE GENERATING/TRANSFERRING CIRCUIT 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[01] This application is a divisional of U.S. patent application serial no. 09/656,831, filed 
September 7, 2000, which is based upon and claims the benefit of priority from the 
prior Japanese Patent Application No. 1 1-254553, filed September 8, 1999, the entire 
contents of which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 



U1 [02] The present invention relates to a voltage generating/transferring circuit and, more 

m 

nj particularly, to a voltage generating/transferring circuit used for an EEPROM of 



NAND cell type, NOR cell type, DINOR cell type, or AND cell type. 

[03] As is well known, a nonvolatile semiconductor memory represented by an EEPROM 
must generate a boosted voltage VPP higher than a power supply voltage Vcc in 
normal operation, e.g., in programming. This boosted voltage VPP is generated by a 
boosted voltage generating/transferring circuit formed in a memory chip, and 
transferred to a word line. 

[04] In order to generate, transfer, and charge/discharge the boosted voltage VPP, the 
boosted voltage generating/transferring circuit is formed from a high breakdown 
voltage type MOS transistor which does not break down even upon application of the 
boosted voltage VPP. 

[05] In the high breakdown voltage type MOS transistor, the thickness and size of a gate 
insulating film are set to different values from those in a low breakdown voltage type 
MOS transistor which operates at the power supply voltage Vcc (in general, the gate 
insulating film of the high breakdown voltage type MOS transistor is thicker than that 
of the low breakdown voltage type MOS transistor). 
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[06] Hence, the high breakdown voltage type MOS transistor cannot be manufactured 
directly using the manufacturing process for the low breakdown voltage type MOS 
transistor. Manufacturing the high breakdown voltage type MOS transistor requires 
its own process. This increases the number of steps up to completion of a memory 
chip, and increases the manufacturing cost. 

[07] As the number of types (e.g., N- and P-channel types) of high breakdown voltage type 
MOS transistors increases, the number of steps of manufacturing process for high 

O breakdown voltage type MOS transistors also increases. To reduce the manufacturing 

03 

hj cost, it is desirable to minimize the number of types of high breakdown voltage type 

MOS transistors and decrease the number of steps up to completion of a memory chip. 
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[08] For this purpose, a conventional boosted voltage generating/transferring circuit is 
formed from only high breakdown voltage type N-channel MOS transistors. 

[09] FIG. 1 shows an example of the conventional boosted voltage generating/transferring 
circuit. 

[10] In the conventional circuit, high breakdown voltage type MOS transistors QN1, 
QN3, QN5, and QN6 for receiving the boosted voltage VPP are of N-channel type. 

[11] The high breakdown voltage type MOS transistors QN1, QN3 are series- 
connected to each other. One terminal of the MOS transistor QN1 receives the 
boosted voltage VPP, whereas one terminal of the MOS transistor QN3 is connected 
to the gate of the MOS transistor QN6. The MOS transistor QN6 transfers the 
boosted voltage VPP to a word line. 

[12] One terminal of the MOS transistor QN5 receives an input signal IN, its other 
terminal is connected to the gates of the MOS transistors QN1 and QN6, and its gate 
receives the power supply voltage Vcc. The gate and drain of each of the MOS 
transistors QN2 and QN3 are connected to each other. Each of these nodes is 




m 



connected to one terminal of a corresponding one of capacitors CI and C2. The MOS 
transistors QN2 and QN3 and the capacitors CI and C2 constitute boost units. 

[13] Note that one boost unit is surrounded by a dotted line (represented by *). 

[14] A NAND circuit NA1 receives control signals RING and PUMP. An output signal 
from the NAND circuit NA1 is supplied to the other terminal of the capacitor CI via 
an inverter circuit II, and to the other terminal of the capacitor C2 via inverter circuits 
12 and 13. 



[15] In this boosted voltage generating/transferring circuit, the boost unit makes the 

ry boosted voltage VPP and an output voltage VOUT equal to each other. That is, the 

q boost unit generates a voltage equal to or higher than VPP+Vtn (Vtn is the threshold 

jLjjj voltage of the high breakdown voltage type N-channel MOS transistor), and applies 

Si this voltage to the gate (node N3) of the high breakdown voltage type MOS transistor 

Q 

ry QN6. Then, the high breakdown voltage type MOS transistor QN6 can transfer the 

boosted voltage VPP without any threshold drop (phenomenon in which the transfer 
potential drops by a threshold value). 

[16] If, however, the boosting ability of the boost unit is insufficient, i.e., the voltage of the 
node N3 is not boosted to VPP+Vtn or more, the output voltage VOUT becomes 
lower than VPP by the difference between the voltage of the node N3 and VPP+Vtn. 
As a result, e.g., programming operation fails. 

[17] In recent years, the power supply voltage Vcc is decreasing in the EEPROM in order 
to reduce the power consumption. As the boosting ability of the boost unit in the 
circuit of FIG. 1 increases with increasing power supply voltage Vcc, a decrease in the 
power supply voltage Vcc further decreases the boosting ability of the boost unit. 



[18] 



The boosted voltage generating/transferring circuit in FIG. 1 requires development of 
a technique capable of transferring the boosted voltage VPP without decreasing the 



boosting ability of the boost unit and causing any threshold drop even if the power 
supply voltage Vcc is low. 

As described above, in the conventional boosted voltage generating/transferring 
circuit, any decrease in the power supply voltage Vcc decreases the boosting ability of 
the boost unit for applying a voltage to the gate of a high breakdown voltage type 
MOS transistor for transferring the boosted voltage VPP. Thus, an excessively low 
power supply voltage Vcc makes it impossible to transfer the boosted voltage VPP. 

BRIEF SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a voltage generating/transferring 
circuit capable of enhancing the boosting ability of a boost unit for generating a 
voltage to be applied to the gate of a high breakdown voltage type MOS transistor for 
transferring, e.g., a boosted voltage VPP, and capable of transferring the boosted 
voltage VPP even if the power supply voltage is low. 

A voltage generating/transferring circuit according to the present invention comprises 
a boost unit group including a plurality of boost units series-connected between an 
input node and an output node, and a first transistor connected between the input node 
and a node for receiving a first voltage. Each boost unit has input and output portions, 
and includes a second transistor having a gate and a drain connected to the input 
portion and a source connected to the output portion, and a capacitor connected to the 
input portion. The gate of the first transistor is connected to the input portion of one 
of the boost units. 

Additional objects and advantages of the invention will be set forth in the description 
which follows, and in part will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the invention may be realized 
and obtained by means of the instrumentalities and combinations particularly pointed 
out hereinafter. 
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

[23] The accompanying drawings, which are incorporated in and constitute a part of the 
specification, illustrate presently preferred embodiments of the invention, and together 
with the general description given above and the detailed description of the preferred 
embodiments given below, serve to explain the principles of the invention. 

[24] FIG. 1 is a circuit diagram showing a conventional boosted voltage 
generating/transferring circuit; 

[25] FIG. 2 is a circuit diagram showing a boosted voltage generating/transferring circuit as 
a reference example of the present invention; 
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y 1 [26] FIG. 3 is a circuit diagram showing a boosted voltage generating/transferring circuit 

fy 

fy according to the first embodiment of the present invention; 

9 

fyi [27] FIG. 4 is a waveform chart showing an example of the waveform of an oscillation 
signal input to the circuit of FIG. 3; 

[28] FIG. 5 is a circuit diagram showing an example of a circuit for generating the 
oscillation signal of FIG. 4; 

[29] FIG. 6 is a circuit diagram showing an example of a boosted voltage generating 
circuit; 

[30] FIG. 7 is a graph showing comparison in boosted voltage transfer capacity between 
the prior art and the present invention; 



[31] 



FIG. 8 is a circuit diagram showing a boosted voltage generating/transferring circuit 
according to the second embodiment of the present invention; 
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[32] FIG. 9 is a circuit diagram showing a boosted voltage generating/transferring circuit 
according to the third embodiment of the present invention; 

[33] FIG. 10 is a circuit diagram showing a boosted voltage generating/transferring circuit 
according to the fourth embodiment of the present invention; 

[34] FIG. 1 1 is a circuit diagram showing a boosted voltage generating/transferring circuit 
according to the fifth embodiment of the present invention; 

D 

g§ [35] FIG. 1 2 is a circuit diagram showing a boosted voltage generating/transferring circuit 
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according to the sixth embodiment of the present invention; 



[36] FIG. 13 is a circuit diagram showing a boosted voltage generating/transferring circuit 
Jjj according to the seventh embodiment of the present invention; 



J, [37] FIG. 14 is a circuit diagram showing a boosted voltage generating/transferring circuit 
fW according to the eighth embodiment of the present invention; 

[38] FIG. 1 5 is a circuit diagram showing a boosted voltage generating/transferring circuit 
according to the ninth embodiment of the present invention; 

[39] FIG. 16 is a circuit diagram showing a boosted voltage generating/transferring circuit 
according to the 10th embodiment of the present invention; 

[40] FIG. 1 7 is a circuit diagram showing a boosted voltage generating/transferring circuit 
according to the 1 1th embodiment of the present invention; 

[41] FIG. 18 is a circuit diagram showing a boosted voltage generating/transferring circuit 
according to the 12th embodiment of the present invention; 

[42] FIG. 19 is a circuit diagram showing a boosted voltage generating/transferring circuit 
according to the 13th embodiment of the present invention; 
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[43] FIG. 20 is a circuit diagram showing a boosted voltage generating/transferring circuit 
according to the 14th embodiment of the present invention; 

[44] FIG. 21 is a circuit diagram showing a boosted voltage generating/transferring circuit 
according to the 1 5th embodiment of the present invention; 

[45] FIG. 22 is a circuit diagram showing a boosted voltage generating/transferring circuit 
according to the 16th embodiment of the present invention; 

y [46] FIG. 23 is a circuit diagram showing a boosted voltage generating/transferring circuit 
**■ according to the 17th embodiment of the present invention; 

m 

L, [47] FIG. 24 is a circuit diagram showing a boosted voltage generating/transferring circuit 
HJ according to the 1 8th embodiment of the present invention; 



ru 



[48] FIG. 25 is a circuit diagram showing a transistor for receiving an output signal from 
the circuit of FIG. 23 or 24 and transferring a boosted voltage; 

[49] FIG. 26 is a circuit diagram showing a boosted voltage generating/transferring circuit 
according to the 1 9th embodiment of the present invention; 

[50] FIG. 27 is a circuit diagram showing a boosted voltage generating/transferring circuit 
according to the 20th embodiment of the present invention; 

[51] FIG. 28 is a circuit diagram showing a transistor for receiving an output signal from 
the circuit of FIG. 26 or 27 and transferring a boosted voltage; 

[52] FIG. 29 is a circuit diagram showing a boosted voltage generating/transferring circuit 
according to the 2 1 st embodiment of the present invention; 

[53] FIG. 30 is a circuit diagram showing a boosted voltage generating/transferring circuit 
according to the 22nd embodiment of the present invention; 
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[54] FIG. 3 1 is a circuit diagram showing a transistor for receiving an output signal from 
the circuit of FIG. 29 or 30 and transferring a boosted voltage; 

[55] FIG. 32 is a circuit diagram showing a boosted voltage generating/transferring circuit 
according to the 23rd embodiment of the present invention; 

[56] FIG. 33 is a circuit diagram showing a boosted voltage generating/transferring circuit 

y» according to the 24th embodiment of the present invention; 

O 
Q 

CO [57] FIG. 34 is a circuit diagram showing a transistor for receiving an output signal from 

U 

yij the circuit of FIG. 32 or 33 and transferring a boosted voltage; 

m 

$ [58] FIG. 35 is a circuit diagram showing a boosted voltage generating/transferring circuit 

O 

fy according to the 25th embodiment of the present invention; 

ru 
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O [59] FIG. 36 is a circuit diagram showing a boosted voltage generating/transferring circuit 

3*3 

according to the 26th embodiment of the present invention; 

[60] FIG. 37 is a circuit diagram showing a boosted voltage generating/transferring circuit 
according to the 27th embodiment of the present invention; 

[61] FIG. 38 is a circuit diagram showing a boosted voltage generating/transferring circuit 
according to the 28th embodiment of the present invention; 

[62] FIG. 39 is a circuit diagram showing a boosted voltage generating/transferring circuit 
according to the 29th embodiment of the present invention; 

[63] FIG. 40 is a circuit diagram showing a boosted voltage generating/transferring circuit 
according to the 30th embodiment of the present invention; 



[64] 



FIG. 41 is a circuit diagram showing a boosted voltage generating/transferring circuit 
according to the 31st embodiment of the present invention; 
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[65] FIG. 42 is a circuit diagram showing a boosted voltage generating/transferring circuit 
according to the 32nd embodiment of the present invention; 

[66] FIG. 43 is a circuit diagram showing a boosted voltage generating/transferring circuit 
according to the 33rd embodiment of the present invention; 

[67] FIG. 44 is a circuit diagram showing a boosted voltage generating/transferring circuit 
according to the 34th embodiment of the present invention; 



OB [68] FIG. 45 is a circuit diagram showing a boosted voltage generating/transferring circuit 
according to the 35th embodiment of the present invention; 
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[69] FIG. 46 is a circuit diagram showing a boosted voltage generating/transferring circuit 
according to the 36th embodiment of the present invention; 

[70] FIG. 47 is a circuit diagram showing a boosted voltage generating/transferring circuit 
according to the 37th embodiment of the present invention; 

[71] FIG. 48 is a circuit diagram showing a boosted voltage generating/transferring circuit 
according to the 38th embodiment of the present invention; 

[72] FIG. 49 is a circuit diagram showing a boosted voltage generating/transferring circuit 
according to the 39th embodiment of the present invention; 

[73] FIG. 50 is a circuit diagram showing a boosted voltage generating/transferring circuit 
according to the 40th embodiment of the present invention; 

[74] FIG. 51 is a circuit diagram showing a transistor for receiving an output signal from 
the circuit of FIG. 49 or 50 and transferring a boosted voltage; 

[75] FIG. 52 is a waveform chart showing an example of an oscillation signal input to the 
boosted voltage generating/transferring circuit; 
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[76] FIG. 53 is a waveform chart showing another example of the oscillation signal input 
to the boosted voltage generating/transferring circuit; 

[77] FIG. 54 is a circuit diagram showing an example of a boosted voltage 
generating/transferring circuit using a P-channel MOS transistor; 

[78] FIG. 55 is a circuit diagram showing an example of a down voltage 
generating/transferring circuit using an N-channel MOS transistor; and 



yj [79] FIG. 56 is a circuit diagram showing an example of a down voltage 
iff generating/transferring circuit using a P-channel MOS transistor. 



DETAILED DESCRIPTION OF THE INVENTION 

[80] A voltage generating/transferring circuit of the present invention will be described 
below in detail with reference to the accompanying drawing. 

[FIRST EMBODIMENT] 

[81] FIG. 3 shows a boosted voltage generating/transferring circuit according to the first 
embodiment of the present invention. 

[82] In the circuit of this embodiment, high breakdown voltage type MOS transistors QN1, 
QN2, QN6 for receiving a boosted voltage VPP or neighboring voltage are of N- 
channel type. 

[83] The high breakdown voltage type MOS transistors QN1, QN3 are series- 
connected to each other. One terminal of the MOS transistor QN1 receives the 
boosted voltage VPP, whereas one terminal of the MOS transistor QN3 is connected 
to the gate of the MOS transistor QN6. One of the roles of the MOS transistor QN6 is 
to transfer the boosted voltage VPP to a word line. 



One terminal of the MOS transistor QN4 receives an input signal IN, its other 
terminal is connected to the gates of the MOS transistors QN1 and QN3, and its gate 
receives a power supply voltage Vcc. One terminal of the MOS transistor QN5 
receives the input signal IN, its other terminal is connected to the gate of the MOS 
transistor QN6, and its gate receives the power supply voltage Vcc. 

The MOS transistors QN4 and QN5 prevent any leakage current when the circuit is 
OFF. For example, in the OFF state, the input signal IN is set to a ground potential 
Vss, and nodes N2 and N3 and the gate of the MOS transistor QN1 are fixed to the 
ground potential Vss to prevent any leakage current. 

The gate and drain of each of the MOS transistors QN2 and QN3 are connected to 
each other. Each of these nodes is connected to one terminal of a corresponding one 
of capacitors CI and C2. The MOS transistors QN2 and QN3 and the capacitors CI 
and C2 constitute boost units. One boost unit is surrounded by a dotted line 
(represented by *). 

A NAND circuit NA1 receives control signals RING and PUMP. An output signal 
from the NAND circuit NA1 is supplied to the other terminal of the capacitor CI via 
an inverter circuit II, and to the other terminal of the capacitor C2 via inverter circuits 
12 and 13. 

In this boosted voltage generating/transferring circuit, the boost unit makes the voltage 
of the VPP node (boosted voltage VPP) and the voltage of the VOUT node (output 
voltage VOUT) equal to each other. That is, the boost unit generates a voltage equal 
to or higher than VPP+Vtn (Vtn is the threshold voltage of the high breakdown 
voltage type N-channel MOS transistor), and applies this voltage to the gate (node N3) 
of the high breakdown voltage type MOS transistor QN6. Then, the high breakdown 
voltage type MOS transistor QN6 can transfer the boosted voltage VPP without any 
threshold drop. 
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[89] The boost unit boosts a voltage input from the input portion (node connected to the 
gate and drain of the transistor and the capacitor) by using the capacitor, and outputs 
the boosted voltage from the output portion (source of the transistor). 

[90] The control signal PUMP controls charge/discharge of the other terminal (electrode 
opposite to a node Nl or N2) of the capacitor CI or C2. 

[91] When the control signal PUMP is at low level (0V), an output signal from the NAND 
circuit NA1 is fixed to high level (Vcc), and the capacitors CI and C2 do not 
charge/discharge. When the control signal PUMP is at high level (Vcc), an output 
J*j signal from the NAND circuit NA1 is an inverted signal of a level obtained by 

inverting the level of the control signal RING. 
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[92] From this, when the control signal RING is oscillating, the capacitors CI and C2 
charge/discharge. 

[93] The control signal RING oscillates in operating the boost unit. An example of the 
waveform at this time is shown in FIG. 4. 

[94] FIG. 5 shows an example of an oscillator for generating the control signal RING. 

[95] This oscillator is made up of a NAND circuit NA2, inverter circuits 14, 17, and 
capacitors C3 and C4. In transferring the boosted voltage VPP, i.e., operating the 
boost unit, a control signal VPPGEN changes to high level (Vcc), and oscillating 
output signals RING and /RING are output. 

[96] In the circuit of FIG. 3, the input signal IN determines whether to transfer a boosted 
voltage from the MOS transistor QN6. 



[97] 



When the input signal IN is at low level (0V), the nodes N2 and N3 are forcibly set to 
low level (0V) regardless of the levels of the control signals RING and PUMP. The 
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high breakdown voltage type MOS transistors QN1 and QN6 are turned off, so the 
boosted voltage VPP is not transferred to the VOUT node. 

[98] When the input signal IN is at high level (Vcc), the node N2 changes to Vcc-Vtn (Vtn 
is the threshold voltage of the high breakdown voltage type N-channel MOS 
transistor), and charges are transferred from the VPP node to the node Nl via the 
MOS transistor QN1. At this time, if the control signal PUMP is at high level (Vcc), 
and the control signal RING is oscillating, the voltages of the nodes N2 and N3 are 

O 

P boosted. As a result, the voltage of the node N3 rises to VPP+Vtn or more, and the 

boosted voltage VPP is transferred to the VOUT node via the MOS transistor QN6 
If! without any threshold drop. 

ill 

ru 

3 [99] FIG. 6 shows an example of the boosted voltage generating circuit. 

S 

S3?. 

H [100] This circuit is comprised of a plurality of N-channel MOS transistors QN81, QN82, 

N 

Q QN86 series-connected between a power supply voltage Vcc terminal and a VPP 

ry 

node NP, a depletion MOS transistor QND whose gate receives a control signal 
/VPPGEN, inverter circuits 181, 182, 185, and capacitors C81, C82, C85. 

[101] When the control signals VPPGEN and /VPPGEN are at high level (Vcc) and low 
level (0V), respectively, the oscillator in FIG. 5 generates the control signals RING 
and /RING having the waveforms in FIG. 4, thereby activating the boosted voltage 
generating circuit in FIG. 6. Consequently, the boosted voltage VPP is output to the 
VPP node. This boosted voltage VPP is applied to, e.g., the boosted voltage 
generating/transferring circuit in FIG. 3. 

[102] The advantages of the boosted voltage generating/transferring circuit shown in FIG. 3 
will be explained. 



[103] 



A comparison of the circuit of FIG. 3 with the circuit (prior art) of FIG. 1 reveals that 
the gate of the MOS transistor QN1 is connected to different nodes in these circuits. 
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The gate of the MOS transistor QN1 is connected to the node N2 in the circuit of 
FIG. 3 5 but to the node N3 in the circuit of FIG. 1 . 

[104] In this case, the circuit of FIG. 3 can set higher voltage applicable to the gate of the 
MOS transistor QN1, than the circuit of FIG. 1. In other words, since the charge 
amount transferred from the VPP node to the node Nl can be increased, the boosting 
ability of the boost unit can be enhanced. 

[105] The circuit of FIG. 3 has the following two features: 

[106] ® The ultimate gate voltage of the MOS transistor QN1 is high. 

[107] (2) The gate and source voltage levels of the MOS transistor QN1 gradually 

rise while changing in opposite phases (timing at which the voltage level of 
the gate of the transistor QN1 maximizes is the timing at which the voltage 
level of the source (corresponding to the node Nl) of the transistor QN1 
drops). 

[108] The reason of condition ® will be explained. 

[109] When the circuit of FIG. 1 or 3 is ON, the voltage levels of the nodes Nl, N2, and N3 
gradually rise in synchronism with clock signals output from the NAND circuit NA1. 
Of the nodes Nl, N2, and N3, the node N2 exhibits the highest ultimate voltage. 

[110] The reason for this is as follows. The voltage levels of the nodes (input portions of 
the boost units) Nl and N2 respectively connected to the capacitors CI and C2 
gradually rise in synchronism with clock signals output from the NAND circuit NA1. 
Since the boost unit on the MOS transistor QN6 side receives an output voltage from 
the boost unit on the MOS transistor QN1 side, the voltage level of the node N2 
naturally becomes higher than that of the node Nl . The voltage level of the node N3 
becomes lower than that of the node N2 by the threshold voltage of the MOS 
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transistor QN3. Accordingly, the node N2 has the highest voltage among the nodes 
N1,N2, andN3. 

[Ill] The voltage levels of nodes N4 and N5 repeat high and low levels (the voltage levels 
of the nodes N4 and N5 are in opposite phases). Along with this, the voltage levels of 
the nodes Nl and N2 also repeat high and low levels, and gradually rise. 

[112] The node N2 reaches the highest voltage (ultimate voltage) Vn2max when the node 
N5 is at high level (if the voltage level of the node N5 changes to high level owing to 
capacitive coupling by the capacitor C2, the voltage level of the node N2 also changes 
to high level). 

[113] The ultimate voltage Vn3max of the node N3 is Vn2max-Vtn (Vtn is the threshold 
voltage of the MOS transistor QN3, and generally falls within the range Vtn > 0). 

[114] Thus, the node having the highest ultimate voltage is the node N2, which is connected 
to the gate of the MOS transistor QN1. Accordingly, the ultimate voltage of the gate 
of the MOS transistor QN1 is high, which satisfies condition ®. 

[115] The reason of condition (D will be explained. 

[116] The voltage levels of the nodes N4 and N5 repeat high and low levels in synchronism 
with the clock signal RING (the voltage levels of the nodes N4 and N5 are in opposite 
phases). As the voltage levels of the nodes N4 and N5 change, those of the nodes Nl 
and N2 also repeat high and low levels. 

[117] That is, if the voltage level of the node N4 becomes high, that of the node Nl also 
becomes high due to capacitive coupling by the capacitor CI. If the voltage level of 
the node N5 becomes high, that of the node N2 also becomes high due to capacitive 
coupling by the capacitor C2. The high- and low-level values of the nodes Nl and N2 
gradually increase. 
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[118] On the other hand, the voltage levels of the nodes N4 and N5 are in opposite phases. 
Thus, the voltage levels of the nodes Nl and N2 are also in opposite phases. In other 
words, when the gate (node N2) of the MOS transistor QN1 is at high level, its source 
(node Nl ) is at low level. 

[119] In the circuit of FIG. 3, the voltage levels of the gate (node N2) and source (node Nl) 
of the MOS transistor QN1 gradually rise while changing in opposite phases. 

[120] If the gate (node N2) of the MOS transistor QN1 is at high level in boosting operation, 
its source (node Nl) is at low level. A sufficiently high potential difference is applied 
between the gate and source of the MOS transistor QN1, so the charge transfer 
amount in the MOS transistor QN1 increases to enhance the boosting ability. 

[121] In this manner, the ultimate voltage of the gate of the MOS transistor QN1 is set high 
on the basis of condition CD, and the source of the MOS transistor is set low when its 
gate is at high level on the basis of condition (2). As a result, a sufficiently high 
voltage can be applied between the gate and source of the MOS transistor QN1. The 
charge transfer amount from the VPP node to the node Nl can be increased to 
enhance the boosting ability of the boost unit, i.e., increase the voltage level (Vn3max 
level) of the node N3. 

[122] Charges are transferred from the VPP node to the MOS transistor QN1 when the node 
N4 is at low level, i.e., the node N5 is at high level. As the charge transfer amount is 
larger, the voltage boosting ability of the boost unit in the circuit of FIG. 1 or 3 is 
higher, and the ultimate voltage Vn3max of the node N3 is higher. At the same time, 
the ultimate voltage Vn2max (> Vn3max) of the node N2 is also higher. 

[123] Setting high Vn3max level can enhance the voltage transfer capacity of the MOS 
transistor QN6. The boosted voltage VPP can be transferred to the VOUT node at 
high speed without any threshold drop. 
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[124] In the circuit of FIG. 3, the boosting ability of the boost unit is higher than in the 
circuit of FIG. 1 . The boosted voltage VPP can be transferred, and the power supply 
voltage Vcc serving as the generation source of the boosted voltage VPP can be set 
low. 

[125] As described above, the present invention can achieve high boosting ability of the 
boost unit and a wide settable range of the power supply voltage Vcc. 

[126] If a plurality of boost units exist, the operation timings of oscillation signals for 
driving odd-numbered boost units counted from the MOS transistor QN1 are generally 
the same (in this embodiment, coincide with the timing of the control signal RING). 
Similarly, the operation timings of oscillation signals for driving even-numbered 
boost units counted from the MOS transistor QN1 are generally the same (in this 
embodiment, coincide with the timing of the control signal/RING). 

[127] To satisfy condition (2), the input portion (corresponding to a node between the gate 
and drain of a MOS transistor and a capacitors) of an even-numbered boost unit 
counted from the MOS transistor QN1 is connected to the gate of the MOS transistor 
QN1. 

[128] The circuit (reference example) of FIG. 2 is a modification of the circuit of FIG. 1. 
Similar to the circuit of FIG. 3 according to the present invention, the circuit of FIG. 2 
satisfies condition (2). For effect 0, the circuit of FIG. 2 is inferior to the circuit of 
FIG. 3. 

[129] In the circuits of FIGS. 3 and 2, the gate of the MOS transistor QN1 is connected to 
the node N2 (source of the transistor QN2), and the node N2 is connected to four 
MOS transistors (since the capacitor CI is formed from a MOS capacitor, it is counted 
as one MOS transistor). 
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[130] In the circuit of FIG. 2, one of the four MOS transistors connected to the node N2 is 
the MOS transistor QN6 for transferring the boosted voltage VPP. Since the VOUT 
node has a very large capacitance, the MOS transistor QN6 is generally set larger in 
size than other MOS transistors. 

[131] Hence, the capacitance of the node N2 is larger in the circuit of FIG. 2 than in the 
circuit of FIG. 3. As a result, voltage increments AVn2 at the nodes N2 when the 
nodes N5 change from low level to high level satisfy AVn2 (FIG. 3) > AVn2 (FIG. 2). 

[132] For AVn2 (FIG. 3) = AVn2 (FIG. 2) to hold, the capacitor C2 in the circuit of FIG. 2 
must be set larger in size than that in the circuit of FIG. 3. In this case, the area of the 
boosted voltage generating/transferring circuit increases in the circuit of FIG. 2. 

[133] Compared to the circuits of FIGS. 1 and 2, using the circuit of FIG. 3 can realize high 
boosting ability of the boost unit (increase the Vn3max level), high transfer capacity 
for the boosted voltage VPP, and a low power supply voltage Vcc. 

[134] FIG. 7 shows a comparison in the transfer capacity for the boosted voltage VPP 
between the present invention (FIG. 3), the prior art (FIG. 1), and the reference 
example (FIG. 2). 

[135] FIG. 7 shows a change (charge waveform) in output potential (potential at the VOUT 
node) VOUT when the boosted voltage generating/transferring circuit is operated at a 
low power supply voltage Vcc. 

[136] Since the circuits of FIGS. 1 and 2 assume operation at a low power supply voltage, 
the boosted voltage VPP cannot be satisfactorily transferred and the output voltage 
VOUT is lower than the boosted voltage VPP in these circuits. To the contrary, in the 
circuit of FIG. 3, the boosting ability of the boost unit is increased and the output 
voltage VOUT can be set to the boosted voltage VPP. 
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[SECOND EMBODIMENT] 

[137] FIG. 8 shows a boosted voltage generating/transferring circuit according to the second 
embodiment of the present invention. 

[138] Compared to the circuit of FIG. 3, the circuit of this embodiment is characterized by a 
section # surrounded by a dotted line. That is, the gate of an N-channel MOS 
transistor QN7 receives an input signal /IN, its source is grounded, and its drain is 
connected to the gates of N-channel MOS transistors QN1 and QN3. The input signal 
/IN is an inverted signal having a voltage level prepared by inverting the voltage level 
of an input signal IN. 

[139] A MOS transistor QN5 and the N-channel MOS transistor QN7 have the same role as 
that of the MOS transistors QN4 and QN5 in FIG. 3. When the circuit is OFF, the 
MOS transistors QN5 and QN7 fix nodes N2 and N3 and the gate of the MOS 
transistor QN1 to a ground potential Vss to prevent any leakage current. 

[140] The structure except for the # section within the dotted line is the same as in the 
circuit of FIG. 3. That is, the MOS transistors QN1, QN3 are series-connected to 
each other. One terminal of the MOS transistor QN1 receives a boosted voltage VPP, 
whereas one terminal of the MOS transistor QN3 is connected to the gate of a MOS 
transistor QN6. 

[141] One terminal of the MOS transistor QN5 receives the input signal IN, its other 
terminal is connected to the gate of the MOS transistor QN6, and its gate receives a 
power supply voltage Vcc. The gate and drain of each of the MOS transistors QN2 
and QN3 are connected to each other. Each of these nodes is connected to one 
terminal of a corresponding one of capacitors CI and C2. The MOS transistors QN2 
and QN3 and the capacitors CI and C2 constitute boost units (represented by *). 



[142] A NAND circuit NA1 receives control signals RING and PUMP. An output signal 
from the NAND circuit NA1 is supplied to the other terminal of the capacitor CI via 
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an inverter circuit II, and to the other terminal of the capacitor C2 via inverter circuits 
12 and 13. 

The circuit of this embodiment also has the two features described in the circuit of 
FIG. 3, i.e., © "the ultimate voltage of the gate of the transistor QN1 is high", and (2) 
"the gate and source voltage levels of the transistor QN1 gradually rise while changing 
in opposite phases". Using the circuit of this embodiment can realize high boosting 
ability of the boost unit (increase the Vn3max level), high transfer capacity for the 
boosted voltage VPP, and a low power supply voltage Vcc without increasing the 
circuit area. 

[THIRD EMBODIMENT] 

FIG. 9 shows a boosted voltage generating/transferring circuit according to the third 
embodiment of the present invention. 

Compared to the circuit of FIG. 3, the circuit of this embodiment is characterized by 
omitting the transistor QN4 in the section # surrounded by the dotted line in FIG. 3. 

[146] The transistor QN4 in the section # surrounded by the dotted line in FIG. 3 is adopted 
to prevent generation of any leakage current in the OFF state. If, however, the leakage 
current is small to a negligible level in circuit operation, the transistor QN4 in the 
section # surrounded by the dotted line in FIG. 3 can be omitted to decrease the total 
number of MOS transistors constituting the circuit and reduce the circuit area. 

[147] Except for the presence/absence of the transistor QN4, the circuit of FIG. 9 is the 
same as the circuit of FIG. 3. That is, MOS transistors QN1, QN3 are series- 
connected to each other. One terminal of the MOS transistor QN1 receives a voltage 
equal to or in the neighborhood of a boosted voltage VPP, whereas one terminal of the 
MOS transistor QN3 is connected to the gate of a MOS transistor QN6. The gates of 
the transistors QN1 and QN3 are connected to each other. 
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[148] One terminal of a MOS transistor QN5 receives an input signal IN, its other terminal 
is connected to the gate of the MOS transistor QN6, and its gate receives a power 
supply voltage Vcc. The gate and drain of each of the MOS transistors QN2 and QN3 
are connected to each other. Each of these nodes is connected to one terminal of a 
corresponding one of capacitors CI and C2. The MOS transistors QN2 and QN3 and 
the capacitors CI and C2 constitute boost units (represented by *). 

[149] A NAND circuit NA1 receives control signals RING and PUMP. An output signal 
from the NAND circuit NA1 is supplied to the other terminal of the capacitor CI via 
an inverter circuit II , and to the other terminal of the capacitor C2 via inverter circuits 
12 and 13. 

[150] The circuit of this embodiment also has the two features described in the circuit of 
FIG. 3, i.e., ® "the ultimate voltage of the gate of the transistor QN1 is high", and (2) 
"the gate and source voltage levels of the transistor QN1 gradually rise while changing 
in opposite phases". Using the circuit of this embodiment can realize high boosting 
ability of the boost unit (increase the Vn3max level), high transfer capacity for the 
boosted voltage VPP, and a low power supply voltage Vcc without increasing the 
circuit area. 

[151] The circuit of the third embodiment does not use any element for fixing the gate of the 
transistor QN1 to 0V when the input signal IN is at low level (0V). However, the 
node N3 is fixed to 0V when the input signal IN is at low level (0V), so a leakage 
current generated in the path of the transistors QN1, QN2, QN3, and QN5 does not 
increase to a large value. 

[152] In this fashion, when the leakage current is negligibly small, or the circuit normally 
operates even in the presence of a small leakage current, the circuit of this 
embodiment can be actually used. 
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[153] The circuit of the third embodiment is more advantageous than the circuits of FIGS. 3 
and 8 because the number of elements (transistors) is smaller by one. This can reduce 
the area of the boosted voltage generating/transferring circuit. 

[FOURTH EMBODIMENT] 

[154] FIG. 10 shows a boosted voltage generating/transferring circuit according to the 
fourth embodiment of the present invention. 

[155] The circuit of this embodiment has the same circuit structure as that of the circuit of 
FIG. 9. In the circuit of FIG. 10, the threshold voltage of a MOS transistor in a boost 
unit (represented by is set lower than that of another MOS transistor. 

[156] More specifically, transistors *QN7 and *QN8 (* represents a transistor whose 
threshold voltage is low) replace the transistors QN2 and QN3 in the boost units of 
FIG. 9. 

[157] Similar to the circuit of FIG. 9, the circuit of the fourth embodiment can realize high 
boosting ability of the boost unit (increase the Vn3max level), high transfer capacity 
for the boosted voltage VPP, and a low power supply voltage Vcc without increasing 
the circuit area. 

[158] The circuit of this embodiment does not adopt any element for directly fixing a node 
N2 to 0V when the input signal IN is at low level (0V). However, when the input 
signal IN is at low level (0V), the threshold voltage of the transistor *QN8 between 
the node N2 and a node N3 fixed to 0V is low. 

[159] This can reduce a leakage current generated in the path of a transistor QN1 and the 
transistors *QN7, *QN8, and QN5. Since the node N3 is at 0V, the voltage of the 
node N2 is Vtn* (Vtn* is the threshold voltage of the transistor *QN8), and the gate 
voltage of the transistor QN1 is also Vtn*. 
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[160] In this case, the threshold voltage Vtn of the transistor QN1 is higher than Vtn* (Vtn 
> Vtn*). No current flows through the transistor QN1, and the leakage current can be 
reduced more greatly than in the circuit of FIG. 9. 

[161] The circuit of the fourth embodiment is more advantageous than the circuit of FIG. 9 
because the leakage current can be reduced. In the circuit of this embodiment, similar 
to the circuit of FIG. 9, the number of elements (transistors) is smaller by one than in 
the circuit of FIG. 1. This can reduce the area of the boosted voltage 
generating/transferring circuit. 

[162] Since the threshold voltage Vtn* of the transistors *QN7 and *QN8 in the boost units 
is set lower than the threshold voltage Vtn of another transistor, the boosting ability of 
the boost unit is higher than in the circuit of FIG. 9. 

[163] Compared to the circuit of FIG. 9, the circuit of the fourth embodiment is 
advantageous in the transfer capacity for the boosted voltage VPP and can further 
decrease the power supply voltage Vcc. 

[164] In the fourth embodiment, the threshold voltages of the *QN7 and *QN8 in all the 
boost units are set low. When the boosted voltage generating/transferring circuit is 
constituted by a plurality of boost units, the threshold voltage of a transistor in at least 
one boost unit suffices to be set low. Even this setting can reduce the leakage current, 
increase the transfer capacity for the boosted voltage VPP, and decrease the power 
supply voltage Vcc. 

[165] If the threshold voltage of a transistor in at least one boost unit is set low in the 
circuits of FIGS. 3 and 8, the circuits of FIGS. 3 and 8 can also attain the same effects 
as those in the circuit of the fourth embodiment. 

[166] In this manner, it is effective to use a MOS transistor having a low threshold voltage 
as a MOS transistor in the boost unit. In particular, the threshold voltage of a MOS 
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transistor in a boost unit on the node N3 side on which the source voltage is high (i.e., 
the substrate bias effect is large), which can down the threshold voltage of the element 
having a large back-gate bias effect and up the boost ability. 

[167] The first to fourth embodiments employ a method of transferring the voltage of the 
VPP node (boosted voltage VPP) to the VOUT node via the MOS transistor QN6. 
However, the present invention is not limited to a boosted voltage 
generating/transferring circuit using this method, and can also be applied to a boosted 
voltage generating/transferring circuit for generating and transferring the boosted 
voltage VPP by another method. 

[FIFTH EMBODIMENT] 

[168] FIG. 1 1 shows a boosted voltage generating/transferring circuit according to the fifth 
embodiment of the present invention. 

[169] The circuit of this embodiment is a modification of the circuit of FIG. 9, and adopts a 
method of transferring a boosted voltage to the VOUT node. 

[170] A section (represented by £K) surrounded by a dotted line is the same as the section 
(represented by £K) surrounded by a dotted line in the circuit of FIG. 9. 

[171] MOS transistors QN1, QN3 are series-connected to each other. One terminal of 
the MOS transistor QN1 receives a voltage equal to or in the neighborhood of 
a boosted voltage VPP, whereas one terminal of the MOS transistor QN3 is connected 
to the VOUT node. The gates of the transistors QNI and QN3 are connected to each 
other. 

[172] One terminal of a MOS transistor QN5 receives an input signal IN, its other terminal 
is connected to the VOUT node, and its gate receives a power supply voltage Vcc. 
The gate and drain of each of the MOS transistors QN2 and QN3 are connected to 
each other. Each of these nodes is connected to one terminal of a corresponding one 
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of capacitors CI and C2. The MOS transistors QN2 and QN3 and the capacitors CI 
and C2 constitute boost units (represented by *). 

[173] A NAND circuit NA1 receives control signals RING and PUMP. An output signal 
from the NAND circuit NA1 is supplied to the other terminal of the capacitor CI via 
an inverter circuit II, and to the other terminal of the capacitor C2 via inverter circuits 
12 and 13. 



[174] The circuit of the fifth embodiment uses a method of directly outputting a voltage 
generated in the boost unit to the VOUT node. In the circuit of this embodiment, the 
transistor QN6 in the circuit of FIG. 9 is omitted, and the node N3 is directly 
PJ connected to the VOUT node. Thus, the VOUT node receives a voltage higher than 



p the boosted voltage VPP. 
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[175] The circuit of this embodiment also has the two features described in the circuit of 
FIG. 3, i.e., CD "the ultimate voltage of the gate of the transistor QN1 is high", and (2) 
"the gate and source voltage levels of the transistor QN1 gradually rise while changing 
in opposite phases". Using the circuit of this embodiment can realize high boosting 
ability of the boost unit (increase the Vn3max level), high transfer capacity for the 
boosted voltage VPP, and a low power supply voltage Vcc without increasing the 
circuit area. 

[176] In the fifth embodiment, the section (represented by ^) surrounded by the dotted line 
has the same circuit structure as that of the circuit of FIG. 9, but may have the same 
circuit structure as that of the circuit of FIG. 10 (characterized in that the threshold of 
a transistor in the boost unit is set low). In this case, similar to the circuit of FIG. 10. 
the circuit of the fifth embodiment can reduce any leakage current, increase the 
transfer capacity for the boosted voltage VPP, decrease the power supply voltage Vcc, 
and reduce the number of elements. 
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[177] In the fifth embodiment, the section (represented by £K) surrounded by the dotted line 
may have the same circuit structure as that of the circuit of FIG. 3 or 8. In this case, 
the current consumption can be reduced by preventing the leakage current. 

[SIXTH EMBODIMENT] 

[178] FIG. 12 shows a boosted voltage generating/transferring circuit according to the sixth 
embodiment of the present invention. 

[179] The circuit of this embodiment has the same circuit structure as that of the circuit of 
FIG. 1 1 . The circuit of the sixth embodiment is different from that of FIG. 1 1 in that 
the drain of a transistor QN1 receives not a boosted voltage VPP but a power supply 
voltage Vcc. 

[180] In the circuit of the sixth embodiment, as well as the circuit of FIG. 11, a voltage 
generated in the boost unit is directly output to the VOUT node. In general, this 
voltage is higher than the power supply voltage Vcc. 

[181] Also, the circuit of this embodiment can realize high boosting ability of the boost unit 
(increase the Vn3max level), high transfer capacity for the boosted voltage VPP, and a 
low power supply voltage Vcc without increasing the circuit area as well as the circuit 
of FIG. 11. 

[182] In the sixth embodiment, a section (represented by >&) surrounded by a dotted line 
may have the same circuit structure as that of the circuit of FIG. 10 (characterized in 
that the threshold of a transistor in the boost unit is set low). In this case, similar to 
the circuit of FIG. 10, the circuit of the sixth embodiment can reduce any leakage 
current, increase the transfer capacity for the boosted voltage VPP, decrease the power 
supply voltage Vcc, and reduce the number of elements. 
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[183] In the sixth embodiment, the section (represented by surrounded by the dotted line 
may have the same circuit structure as that of the circuit of FIG. 3 or 8. In this case, 
the current consumption can be reduced by preventing the leakage current. 

[184] Modifications of the sections (represented by ^) surrounded by the dotted lines in the 
third to sixth embodiments (FIGS. 9, 10, 1 1 and 12) will be explained. 

[185] In the third to sixth embodiments, the boosted voltage generating/transferring circuit 
is made up of two boost units. In the following embodiments, a capacitor and another 
boost unit are newly added to two boost units. 

[SEVENTH EMBODIMENT] 

[186] FIG. 13 shows a boosted voltage generating/transferring circuit according to the 
seventh embodiment of the present invention. 

[187] The circuit of this embodiment is characterized in that a capacitor C5 and inverter 
circuit 18 are series-connected between the output terminal of a NAND circuit and a 
node N3. In this case, the voltage levels of nodes Nl and N3 gradually change while 
changing in phase in synchronism with an output signal from a NAND circuit NA1. 
The voltage level of a node N2 and those of the nodes Nl and N3 are in opposite 
phases. 

[EIGHTH EMBODIMENT] 

[188] FIG. 14 shows a boosted voltage generating/transferring circuit according to the 
eighth embodiment of the present invention. 

[189] The circuit of this embodiment is characterized in that the boosted voltage 
generating/transferring circuit is constituted by three boost units (represented by *). 
A newly added boost unit is formed from an N-channel MOS transistor QN9 and 
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capacitor C6. An inverter circuit 19 is connected between the output terminal of a 
NAND circuit and the capacitor C6. 

[NINTH EMBODIMENT] 

FIG. 15 shows a boosted voltage generating/transferring circuit according to the ninth 
embodiment of the present invention. 

In the circuit of this embodiment, the boosted voltage generating/transferring circuit 
comprises three boost units (represented by *). A newly added boost unit is formed 
from an N-channel MOS transistor QN9 and capacitor C6. An inverter circuit 19 is 
connected between the output terminal of a NAND circuit and the capacitor C6. 

In the ninth embodiment, a capacitor C7 and inverter circuits 110 and 111 are series- 
connected between the output terminal of a NAND circuit and a node N3 . 

[10TH EMBODIMENT] 

[193] FIG. 16 shows a boosted voltage generating/transferring circuit according to the 10th 
embodiment of the present invention. 

[194] In the circuit of this embodiment, the boosted voltage generating/transferring circuit 
comprises four boost units (represented by *). Two newly added boost units are 
respectively formed from N-channel MOS transistors QN9 and QN10 and capacitors 
C6 and C7. An inverter circuit 19 is connected between the output terminal of a 
NAND circuit and the capacitor C6, whereas inverter circuits 110 and 111 are 
connected between the output terminal of the NAND circuit and the capacitor C7. 

[195] In the circuits of the seventh to 10th embodiments (FIGS. 13, 14, 15, and 16), the gate 
of the MOS transistor QN 1 is connected to a node (corresponding to the node N2) 
between the gate and drain of the transistor QN3 in the second boost unit counted 
from the VPP node. 
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[196] In this case, similar to the first to sixth embodiments (FIG. 3, 8 ? 9, 10, 11, and 12), the 
voltage levels of the gate and source (corresponding to the node Nl) of the transistor 
QN1 gradually rise while changing in opposite phases. In the circuits of the seventh 
to 10th embodiments, the gate of the transistor QN1 is connected to the input portion 
(capacitor) of the boost unit. The ultimate voltage of the gate of the transistor QN1 is 
higher than in the circuits shown in FIGS. 1 and 2. 

Since the circuits of the seventh to 10th embodiments also satisfy requirements CD and 
(2) described in the circuit of FIG. 3, they can realize high boosting ability of the boost 
unit, high transfer capacity for the boosted voltage VPP, and a low power supply 
voltage in comparison with the circuits of FIGS. 1 and 2. 

[11TH EMBODIMENT] 

FIG. 17 shows a boosted voltage generating/transferring circuit according to the 1 1th 
embodiment of the present invention. 

The circuit of this embodiment is different from that of the 10th embodiment in that 
the gate of a transistor QN1 is connected to a node (corresponding to a node N7) 
between the gate and drain in the fourth boost unit counted from the VPP node. 

[200] In this case, the voltage levels of a node N2 and the node N7 are in phase. In the 
circuit of the 11th embodiment, as well as the circuit of the 10th embodiment, the 
voltage levels of the gate and source (node Nl) of the transistor QN1 are in opposite 
phases. 

[201] In the circuit of this embodiment, the gate of the MOS transistor QN1 is connected to 
the node N7 exhibiting the highest ultimate voltage, so that its gate voltage can be set 
to a sufficiently high ultimate voltage. 

[202] The circuit of the 11th embodiment also satisfies both requirements © and (2) 
described in the circuit of FIG. 3, and can realize high boosting ability of the boost 
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unit, high transfer capacity for the boosted voltage VPP, and a low power supply 
voltage in comparison with the circuits of FIGS. 1 and 2. 

According to the present invention, when the boosted voltage generating/transferring 
circuit has a plurality of boost units, conditions are satisfied by connecting the gate of 
the transistor QN 1 to an input portion (corresponding to a node between the gate and 
drain of a transistor and a capacitor) in an even-numbered boost unit counted from the 
VPP node. The circuit can achieve high boosting ability of the boost unit, high 
transfer capacity for the boosted voltage VPP, and a low power supply voltage in 
comparison with the circuits of FIGS. 1 and 2. 

A comparison of the boosting ability of the boost unit between the seventh to 11th 
embodiments (FIGS. 13 to 17) suggests that the 11th embodiment (FIG. 17) attains 
the highest effect. The boosting ability of the boost unit is higher in order of the 
seventh embodiment (FIG. 13) — ► the eighth embodiment (FIG. 14) — ► the ninth 
embodiment (FIG. 15) — > the 10th embodiment (FIG. 16) — ► the 11th embodiment 
(FIG. 17). 

[205] A comparison of the circuit area between the seventh to 1 1th embodiments indicates 
that the seventh embodiment (FIG. 13) attains the smallest circuit area. The circuit 
area is smaller in order of the 11th embodiment (FIG. 17) — ► the 10th embodiment 
(FIG. 16) — ► the ninth embodiment (FIG. 15) — ► the eighth embodiment (FIG. 14) -» 
the seventh embodiment (FIG. 13). 

[206] In actually applying the boosted voltage generating/transferring circuit of the present 
invention to a product (e.g., EEPROM), an optimal circuit is selected from the above- 
described circuits in consideration of the use conditions of the product and the like. 

[12TH TO 15TH EMBODIMENTS] 

[207] FIG. 18 shows a boosted voltage generating/transferring circuit according to the 12th 
embodiment of the present invention. FIG. 19 shows a boosted voltage 
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generating/transferring circuit according to the 13th embodiment of the present 
invention. FIG. 20 shows a boosted voltage generating/transferring circuit according 
to the 14th embodiment of the present invention. FIG. 21 shows a boosted voltage 
generating/transferring circuit according to the 15th embodiment of the present 
invention. 

[208] The circuit of the 12th embodiment (FIG. 18) corresponds to that of the seventh 
embodiment (FIG. 13). 

[209] In the circuit of the 12th embodiment, the gate of a transistor QN1 is connected to a 
node N3. For this reason, the gate and source of the transistor QN1 are in phase, 
which does not satisfy requirement (2). However, also in the circuit of the 12th ^ 
embodiment, the gate of the transistor QN1 is connected to a capacitor C5, and two 
boost units are formed. Hence, the ultimate voltage is higher than in the circuits of 
FIGS. 1 and 2, which satisfies condition ®. 

[210] Compared to the circuits of FIGS. 1 and 2, the circuit of the 12th embodiment can 
attain high boosting ability of the boost unit, high transfer capacity for the boosted 
voltage VPP, and a low power supply voltage Vcc. 

[211] The circuit of the 13th embodiment (FIG. 19) corresponds to that of the eighth 
embodiment (FIG. 14); the circuit of the 14th embodiment (FIG. 20), to that of the 
ninth embodiment (FIG. 15); and the circuit of the 15th embodiment (FIG. 21), to that 
of the 10th embodiment (FIG. 16). 

[212] In the circuits of the 13th, 14th, and 15th embodiments, the gate of a transistor QN1 is 
connected to a node N6. Therefore, the gate and source of the transistor QN1 are in 
phase, which does not satisfy requirement (2). However, also in the circuits of the 
13th, 14th, and 15th embodiments, the gate of the transistor QN1 is connected to a 
capacitor, and three or more boost units are formed. Thus, the ultimate voltage is 
higher than in the circuits of FIGS. 1 and 2, which satisfies condition ®. 
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[213] Compared to the circuits of FIGS. 1 and 2, the circuits of the 13th, 14th, and 15th 
embodiments can obtain high boosting ability of the boost unit, high transfer capacity 
for the boosted voltage VPP, and a low power supply voltage Vcc. 

[16TH EMBODIMENT] 

[214] FIG. 22 shows a boosted voltage generating/transferring circuit according to the 16th 
embodiment of the present invention. 

[215] The circuit of this embodiment corresponds to that of the eighth embodiment 
(FIG. 14). The gate of the transistor QN1 is connected to the node N2 in the circuit of 
the eighth embodiment, while the gate of a transistor QN1 is connected to a node N3 
in the circuit of the 1 6th embodiment. 

[216] The voltage levels of a node N2 and the node N3 are in phase, so that the circuit of the 
1 6th embodiment satisfies requirement (2) , similar to the circuit of the eighth 
embodiment. Also, the node N3 is connected to a capacitor C7, three boost units are 
formed, and the ultimate voltage of the transistor QN1 is high, which satisfies 
requirement ®. 

[217] The circuit of the 16th embodiment can achieve high boosting ability of the boost 
unit, high transfer capacity for the boosted voltage VPP, and a low power supply 
voltage Vcc in comparison with the circuits of FIGS. 1 and 2. 

[17TH EMBODIMENT] 

[218] FIG. 23 shows a boosted voltage generating/transferring circuit according to the 17th 
embodiment of the present invention. 

[219] The circuit of this embodiment is characterized in that two circuit sections having a 
boost function (corresponding to, e.g., a section where the transistor QN1 and boost 
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unit are directly connected in the first to 16th embodiments) are parallel-arranged on 
the right and left sides. 

[220] The input portion (node between a capacitor and a transistor) of one boost unit is 
connected to the gate of a transistor in the other boost unit. As for the two boost units 
(represented by *), an oscillation signal input to one boost unit and an oscillation 
signal input to the other boost unit are in opposite phases. 

[221] The gate and source voltage levels of transistors QN1L and QN1R connected to the 
VPP node gradually rise while changing in opposite phases. The circuit of the 17th 
embodiment also satisfies condition (2). 

[222] The gate of the transistor QN1L is connected to the input portion (node between a 
capacitor and a transistor) of the right boost unit, and that of the transistor QN1R is 
connected to the input portion (node between a capacitor and a transistor) of the 
left boost unit. Accordingly, the maximum voltages of the transistors QN1L and 
QN1R are higher than output voltages VOUT1 and VOUT2 (based on the same 
principle in FIGS. 3, 8, 9, and 10). 

[223] The circuit of this embodiment satisfies both requirements CD and (2), and thus can 
achieve high boosting ability of the boost unit, high transfer capacity for the boosted 
voltage VPP, and a low power supply voltage Vcc, compared to the circuits of 
FIGS. 1 and 2. 

[224] In general, a circuit, like the circuit of FIG. 23, in which two circuit sections having a 
boost function (corresponding to, e.g., a section where the transistor QN1 and boost 
unit are directly connected in the first to 1 6th embodiments) are parallel-arranged on 
the right and left sides, and the input portion (node between a capacitor and a 
transistor) of one boost unit is connected to the gate of a transistor in the other boost 
unit can satisfy condition (2) so long as the gates of the transistors QN1L and QN1R 
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are connected to the input portions of odd-numbered boost units counted from the 
VPP node. 

[18TH EMBODIMENT] 

[225] FIG. 24 shows a boosted voltage generating/transferring circuit according to the 1 8th 
embodiment of the present invention. 

[226] The circuit of this embodiment is a modification of the circuit of FIG. 23. 

[227] The circuit of the 1 8th embodiment is characterized in that output portions (sources of 
transistors in boost units) VOUT1 and VOUT2 of two boost units (represented by *) 
in FIG. 23 are connected to each other, and their node serves as an output node 
VOUT3. 

[228] In the circuit of the 1 8th embodiment, an oscillation signal (corresponding to /RING) 
input to a left NAND circuit NAIL and an oscillation signal (corresponding to RING) 
input to a right NAND circuit NA1R are in opposite phases, and oscillation signals 
input to the two, right and left boost units are also in opposite phases. Consequently, 
the same function as that of the circuit of FIG. 23 can be realized. 

[229] In FIGS. 23 and 24, a circuit at a section (represented by #) surrounded by a dotted 
line functions to set the gates of the transistors QN1L and QN1R to low level (OV) in 
the OFF state. 

[230] The circuits of FIGS. 23 and 24 can use the output voltages VOUT1, VOUT2, and 
VOUT3 as boosted voltages. As shown in FIG. 25, the output voltages VOUT1. 
VOUT2, and VOUT3 in the circuits of FIGS. 23 and 24 may be applied to the gate of 
an N-channel MOS transistor QN6, and the transistor QN6 may be used as a transistor 
for transferring the boosted voltage VPP. 
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[19TH EMBODIMENT] 

[231] FIG. 26 shows a boosted voltage generating/transferring circuit according to the 19th 
embodiment of the present invention. 

[232] The circuit of the 19th embodiment is a modification of the circuit of FIG. 23. The 
circuit of this embodiment is different from that of FIG. 23 in that transistors QN1L 
and QN1R are connected not to the VPP node (boosted voltage) but to the Vcc node 
(power supply voltage). The remaining structure of the circuit of the 19th 
embodiment is the same as that of the circuit of FIG. 23. 

[233] In this structure, output voltages VOUT1 and VOUT2 are boosted voltages of a power 
supply voltage Vcc. The circuit of this embodiment also satisfies both requirements 
® and (2), and can achieve high boosting ability of the boost unit, high transfer 
capacity for the boosted voltage VPP, and a low power supply voltage Vcc, compared 
to the circuits of FIGS. 1 and 2. 

[20TH EMBODIMENT] 

[234] FIG. 27 shows a boosted voltage generating/transferring circuit according to the 20th 
embodiment of the present invention. 

[235] The circuit of the 20th embodiment is a modification of the circuit of FIG. 24. The 
circuit of this embodiment is different from that of FIG. 24 in that transistors QN1L 
and QN1R are connected not to the VPP node (boosted voltage) but to the Vcc node 
(power supply voltage). The remaining structure of the circuit of the 20th 
embodiment is the same as that of the circuit of FIG. 24. 

[236] In this structure, an output voltage VOUT3 is a boosted voltage of a power supply 
voltage Vcc. Since the circuit of this embodiment also satisfies both requirements ® 
and (2), it can achieve high boosting ability of the boost unit, high transfer capacity for 
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the boosted voltage VPP, and a low power supply voltage Vcc, compared to the 
circuits of FIGS. 1 and 2. 

[237] In FIGS. 26 and 27, a circuit at a section (represented by #) surrounded by a dotted 
line functions to set the gates of the transistors QN1L and QN1R to low level (OV) in 
the OFF state. 

[238] The circuits of FIGS. 26 and 27 can use the output voltages VOUT1, VOUT2, and 
VOUT3 as boosted voltages. As shown in FIG. 28, the output voltages VOUT1, 
VOUT2, and VOUT3 in the circuits of FIGS. 26 and 27 may be applied to the gate of 
an N-channel MOS transistor QN6, and the transistor QN6 may be used as a transistor 
for transferring the boosted voltage VPP. 

[2 1ST EMBODIMENT] 

[239] FIG. 29 shows a boosted voltage generating/transferring circuit according to the 21st 
embodiment of the present invention. 

[240] The circuit of the 21st embodiment is a modification of the circuit of FIG. 23. The 
circuit of this embodiment is different from that of FIG. 23 in that a circuit for setting 
the gates of transistors QN1L and QN1R to low level in the OFF state, i.e., the section 
(represented by #) surrounded by the dotted line in the circuit of FIG. 23 is absent. 
The remaining structure of the circuit of the 21st embodiment is the same as that of 
the circuit of FIG. 23. 

[241] Also in this case, the circuit of this embodiment satisfies both requirements ® and (2), 
and thus can achieve high boosting ability of the boost unit, high transfer capacity for 
the boosted voltage VPP, and a low power supply voltage Vcc, compared to the 
circuits of FIGS. 1 and 2. This circuit is effective when the leakage current is not 
large. 
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[22ND EMBODIMENT] 

[242] FIG. 30 shows a boosted voltage generating/transferring circuit according to the 22nd 
embodiment of the present invention. 

[243] The circuit of the 22nd embodiment is a modification of the circuit of FIG. 24. The 
circuit of this embodiment is different from that of FIG. 24 in that a circuit for setting 
the gates of transistors QN1L and QN1R to low level in the OFF state, i.e., the section 
(represented by #) surrounded by the dotted line in the circuit of FIG. 24 is absent. 
The remaining structure of the circuit of the 22nd embodiment is the same as that of 
the circuit of FIG. 24. 

[244] Also in this case, the circuit of this embodiment satisfies both requirements (D and (2), 
so that it can achieve high boosting ability of the boost unit, high transfer capacity for 
the boosted voltage VPP, and a low power supply voltage Vcc, compared to the 
circuits of FIGS. 1 and 2. This circuit is effective when the leakage current is not 
large. 

[245] The circuits of FIGS. 29 and 30 can use the output voltages VOUT1, VOUT2, and 
VOUT3 as boosted voltages. As shown in FIG. 31, the output voltages VOUT1, 
VOUT2, and VOUT3 in the circuits of FIGS. 29 and 30 may be applied to the gate of 
an N-channel MOS transistor QN6, and the transistor QN6 may be used as a transistor 
for transferring the boosted voltage VPP. 

[23RD EMBODIMENT] 

[246] FIG. 32 shows a boosted voltage generating/transferring circuit according to the 23rd 
embodiment of the present invention. 

[247] The circuit of the 23rd embodiment is a modification of the circuit of FIG. 29. The 
circuit of this embodiment is different from that of FIG. 29 in that a threshold voltage 
*Vtn of transistors *QN2L and *QN2R in boost units (represented by *) is set lower 
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than a threshold voltage Vtn of transistors QN1L and QN1R connected to the VPP 
node (* represents a transistor whose threshold voltage is low). The remaining 
structure of the circuit of the 23rd embodiment is the same as that of the circuit of 
FIG. 29. 

[248] Also in this case, the circuit of this embodiment satisfies both requirements ® and (2), 
so that it can achieve high boosting ability of the boost unit, high transfer capacity for 
the boosted voltage VPP, and a low power supply voltage Vcc, compared to the 
circuits of FIGS. 1 and 2. In addition, the circuit of this embodiment can lower the 
threshold voltage of the transistor *QN2L, *QN2R, which contributes to increasing 
the boosting ability of the boost unit. 

[24TH EMBODIMENT] 



U1 

nj 
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[249] FIG. 33 shows a boosted voltage generating/transferring circuit according to the 



24th embodiment of the present invention. 

[250] The circuit of the 24th embodiment is a modification of the circuit of FIG. 30. The 
circuit of this embodiment is different from that of FIG. 30 in that a threshold voltage 
*Vtn of transistors *QN2L and *QN2R in boost units (represented by *) is set lower 
than a threshold voltage Vtn of transistors QN1L and QN1R connected to the VPP 
node (* represents a transistor whose threshold voltage is low). The remaining 
structure of the circuit of the 24th embodiment is the same as that of the circuit of 
FIG. 30. 

[251] Also in this case, the circuit of this embodiment satisfies both requirements Q and (2), 
so that it can achieve high boosting ability of the boost unit, high transfer capacity for 
the boosted voltage VPP, and a low power supply voltage Vcc, compared to the 
circuits of FIGS. 1 and 2. In addition, the circuit of this embodiment can lower the 
threshold voltage of the transistor *QN2L, *QN"R, which contributes to increasing 
the boosting ability of the boost unit. 
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[252] The circuits of FIGS. 32 and 33 can use the output voltages VOUT1, VOUT2, and 
VOUT3 as boosted voltages. As shown in FIG. 34, the output voltages VOUT1, 
VOUT2, and VOUT3 in the circuits of FIGS. 32 and 33 may be applied to the gate of 
an N-channel MOS transistor QN6, and the transistor QN6 may be used as a transistor 
for transferring the boosted voltage VPP. 

[253] Modifications of the sections (represented by $) surrounded by the dotted lines in the 
17th to 24th embodiments (FIGS. 23, 24, 26, 27, 29, 30, 32, and 33) will be explained. 

[25TH EMBODIMENT] 

[254] FIG. 35 shows a boosted voltage generating/transferring circuit according to the 25th 
embodiment of the present invention. 

[255] The circuit of this embodiment is characterized in that circuit sections having a boost 
function (corresponding to, e.g., a section where the transistor QN1 and boost unit are 
directly connected in the first to 16th embodiments) are parallel-arranged on the right 
and left sides, and that two boost units are arranged on each of the right and left sides. 

[256] In the circuit of the 25th embodiment, the gate of a left transistor QN1L connected to 
the VPP node is connected to the input portion (node between a capacitor and a 
transistor) of the first boost unit counted from the VPP node of two right boost units. 
The gate of a right transistor QN1R connected to the VPP node is connected to the 
input portion of the first boost unit counted from the VPP node of two left boost units. 

[257] The gate and source voltage levels of the two transistors QN1L and QN1R connected 
to the VPP node change in opposite phases and gradually rise, which satisfies 
condition (2). Since the gates of the transistors QN1L and QN1R are connected to the 
input portions of the boost units, the maximum gate voltages of the transistors QN1L 
and QN1R become higher than the output voltages VOUT1, VOUT2, and VOUT3. 
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[258] Since the circuit of this embodiment also satisfies both conditions ® and ® 3 it can 
achieve high boosting ability of the boost unit, high transfer capacity for the boosted 
voltage VPP, and a low power supply voltage Vcc, compared to the circuits of 
FIGS. 1 and 2. 

[26TH EMBODIMENT] 

[259] FIG. 36 shows a boosted voltage generating/transferring circuit according to the 26th 
embodiment of the present invention. 

[260] The circuit of this embodiment is characterized in that circuit sections having a boost 
function are parallel-arranged on the right and left sides, and that three boost units are 
arranged on each of the right and left sides. 

[261] In the circuit of the 26th embodiment, the gate of a left transistor QN1L is connected 
to the input portion (node between a capacitor and a transistor) of the first boost unit 
counted from the VPP node among three right boost units. The gate of a right 
transistor QN1R is connected to the input portion of the first boost unit counted from 
the VPP node among three left boost units. 

[262] The gate and source voltage levels of the transistors QN1L and QN1R gradually rise 
while changing in opposite phases, which satisfies condition (2). Since the gates of 
the transistors QN1L and QN1R are connected to the input portions of the boost units, 
the maximum gate voltages of the transistors QN1L and QN1R become higher than 
the output voltages VOUT1, VOUT2, and VOUT3. 

[263] Since the circuit of this embodiment also satisfies both conditions ® and (2), it can 
achieve high boosting ability of the boost unit, high transfer capacity for the boosted 
voltage VPP, and a low power supply voltage Vcc, compared to the circuits of 
FIGS. 1 and 2. 
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[27TH EMBODIMENT] 

[264] FIG. 37 shows a boosted voltage generating/transferring circuit according to the 27th 
embodiment of the present invention. 

[265] The circuit of the 27th embodiment is a modification of the circuit of FIG. 36. The 
circuit of this embodiment is different from that of FIG. 36 in that the gate of a left 
transistor QN1L is connected to the input portion of the third boost unit counted from 
the VPP node among three right boost units, and that of a right transistor QN1R is 
connected to the input portion of the third boost unit counted from the VPP node 
among three left boost units. 

[266] Also in this structure, the gate and source voltage levels of the transistors QN1L and 
QN1R gradually rise while changing in opposite phases, which satisfies condition (2). 
Since the gates of the transistors QN1L and QN1R are connected to the input portions 
of the boost units, the maximum gate voltages of the transistors QN1L and QN1R 
become higher than the output voltages VOUT1, VOUT2, and VOUT3. 

[267] Since the circuit of this embodiment also satisfies both conditions (D and (2), it can 
achieve high boosting ability of the boost unit, high transfer capacity for the boosted 
voltage VPP, and a low power supply voltage Vcc, compared to the circuits of 
FIGS. 1 and 2. 

[28TH EMBODIMENT] 

[268] FIG. 38 shows a boosted voltage generating/transferring circuit according to the 28th 
embodiment of the present invention. 

[269] The circuit of this embodiment is characterized in that circuit sections having a 
boosting ability are arranged on the right and left sides, and that one boost unit and 
one capacitor are arranged on each of the right and left sides. 
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[270] In the circuit of the 28th embodiment, the gate of a left transistor QN1L is connected 
to the input portion (node between a capacitor and a transistor) of the right boost unit, 
and that of a right transistor QN1R is connected to the input portion of the left boost 
unit. 

[271] The gate and source voltage levels of the transistors QN1L and QN1R gradually rise 
while changing in opposite phases, which satisfies condition (£>. Since the gates of 
the transistors QN1L and QN1R are connected to the input portions of the boost units, 
the maximum gate voltages of the transistors QN1L and QN1R become higher than 
the output voltages VOUT1, VOUT2, and VOUT3. 

[272] Since the circuit of this embodiment also satisfies both conditions ® and (2), it can 
achieve high boosting ability of the boost unit, high transfer capacity for the boosted 
voltage VPP, and a low power supply voltage Vcc, compared to the circuits of 
FIGS. 1 and 2. 

[29TH EMBODIMENT] 

[273] FIG. 39 shows a boosted voltage generating/transferring circuit according to the 29th 
embodiment of the present invention. 

[274] The circuit of the 29th embodiment is a modification of the circuit of FIG. 38. The 
circuit of this embodiment is different from that of FIG. 38 in that two boost units 
(represented by *) are arranged on each of the right and left sides. 

[275] The remaining structure of the circuit of this embodiment is the same as that of the 
circuit of FIG. 38. That is, the gate of a left transistor QN1L is connected to the input 
portion of the first boost unit counted from the VPP node among two right boost units. 
The gate of a right transistor QN1R is connected to the input portion of the first boost 
unit counted from the VPP node among two left boost units. 
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[276] Also in this structure, the gate and source voltage levels of the transistors QN1L and 
QN1R gradually rise while changing in opposite phases, which satisfies condition (5). 
Since the gates of the transistors QN1L and QN1R are connected to the input portions 
of the boost units, the maximum gate voltages of the transistors QN1L and QN1R 
become higher than the output voltages VOUT1, VOUT2, and VOUT3. 

[277] Since the circuit of this embodiment also satisfies both conditions ® and (D, it can 
achieve high boosting ability of the boost unit, high transfer capacity for the boosted 
voltage VPP, and a low power supply voltage Vcc, compared to the circuits of 
FIGS. 1 and 2. 

[30TH EMBODIMENT] 

[278] FIG. 40 shows a boosted voltage generating/transferring circuit according to the 30th 
embodiment of the present invention. 

[279] The circuit of the 30th embodiment is a modification of the circuit of FIG. 38. The 
circuit of this embodiment is different from that of FIG. 38 in that three boost units 
(represented by *) are arranged on each of the right and left sides. 

[280] The remaining structure of the circuit of this embodiment is the same as that of the 
circuit of FIG. 38. That is, the gate of a left transistor QN1L is connected to the input 
portion of the first boost unit counted from the VPP node among three right 
boost units. The gate of a right transistor QN1R is connected to the input portion of 
the first boost unit counted from the VPP node among three left boost units. 

[281] Also in this structure, the gate and source voltage levels of the transistors QN1L and 
QN1R gradually rise while changing in opposite phases, which satisfies condition (2). 
Since the gates of the transistors QN1L and QN1R are connected to the input portions 
of the boost units, the maximum gate voltages of the transistors QN1L and QN1R 
become higher than the output voltages VOUT1, VOUT2, and VOUT3. 
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[282] Since the circuit of this embodiment also satisfies both conditions (D and (2), it can 
achieve high boosting ability of the boost unit, high transfer capacity for the boosted 
voltage VPP, and a low power supply voltage Vcc, compared to the circuits of 
FIGS. 1 and 2. 

[3 1ST EMBODIMENT] 

[283] FIG. 41 shows a boosted voltage generating/transferring circuit according to the 31st 
embodiment of the present invention. 

[284] The circuit of the 3 1 st embodiment is a modification of the circuit of FIG. 40. The 
circuit of this embodiment is different from that of FIG. 40 in that the gate of a left 
transistor QN1L is connected to the input portion of the third boost unit counted from 
the VPP node among three right boost units, and that of a right transistor QN1R is 
connected to the input portion of the third boost unit counted from the VPP node 
among three left boost units. 

[285] Also in this structure, the gate and source voltage levels of the transistors QN1L and 
QN1R gradually rise while changing in opposite phases, which satisfies condition (2). 
Since the gates of the transistors QN1L and QN1R are connected to the input portions 
of the boost units, the maximum gate voltages of the transistors QN1L and QN1R 
become higher than the output voltages VOUT1, VOUT2, and VOUT3. 

[286] Since the circuit of this embodiment also satisfies both conditions ® and (2), it can 
achieve high boosting ability of the boost unit, high transfer capacity for the boosted 
voltage VPP, and a low power supply voltage Vcc, compared to the circuits of 
FIGS. 1 and 2. 

[287] In all the circuits of FIGS. 35 to 41, the gate of the left transistor QN1L is connected 
to the input portion of an odd-numbered right boost unit counted from the VPP node, 
and that of the right transistor QN1R is connected to the input portion of an odd- 
numbered left boost unit counted from the VPP node. 
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[288] Hence, the gate and source voltage levels of the transistors QN1L and QN1R whose 
drains are connected to the VPP node gradually rise while changing in opposite 
phases, which satisfies condition ©. Since the gates of the transistors QN1L and 
QN1R are connected to the input portions of the boost units, the maximum gate 
voltages of the transistors QN1L and QN1R become higher than the output voltages 
VOUT1, VOUT2, and VOUT3. 

[289] This can achieve high boosting ability of the boost unit, high transfer capacity for the 
boosted voltage VPP, and a low power supply voltage Vcc. 

[290] When the gate of the left transistor QN1L is connected to the input portion of an even- 
numbered right boost unit counted from the VPP node, and that of the right transistor 
QN1R is connected to the input portion of an even-numbered left boost unit counted 
from the VPP node, the gate and source voltage levels of the transistors QN1L and 
QN1R change in phase, which does not satisfy condition (2). 

[291] However, the gates of the transistors QN1L and QN1R are connected to the input 
portions of the boost units, so that the maximum gate voltages of the transistors QN1L 
and QN1R are high. Also in this case, therefore, the circuit can achieve high boosting 
ability of the boost unit, high transfer capacity for the boosted voltage VPP, and a low 
power supply voltage Vcc, compared to the circuits of FIGS. 1 and 2. 

[32ND EMBODIMENT] 

[292] FIG. 42 shows a boosted voltage generating/transferring circuit according to the 32nd 
embodiment of the present invention. 

[293] In the circuit of this embodiment, the gate of a left transistor QN1L is connected to the 
input portion of the second boost unit counted from the VPP node of two right boost 
units, and that of a right transistor QN1R is connected to the input portion of the 
second boost unit counted from the VPP node of two left boost units. 
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[294] In this case, the gate and source voltage levels of the transistors QN1L and QN1R 
gradually rise while changing in phase, which does not satisfy condition (5) . 
However, the gates of the transistors QN1L and QN1R are connected to the input 
portions of the boost units, so that the maximum gate voltages of the transistors QN1L 
and QN1R become higher than the output voltages VOUT1, VOUT2, and VOUT3. 

[295] Since the circuit of this embodiment also satisfies both conditions ® and ©, it can 
achieve high boosting ability of the boost unit, high transfer capacity for the boosted 
voltage VPP, and a low power supply voltage Vcc, compared to the circuits of 
FIGS. 1 and 2. 

[33RD TO 35TH EMBODIMENTS] 

[296] FIG. 43 shows a boosted voltage generating/transferring circuit according to the 33rd 
embodiment of the present invention, FIG. 44 shows a boosted voltage 
generating/transferring circuit according to the 34th embodiment of the present 
invention, and FIG. 45 shows a boosted voltage generating/transferring circuit 
according to the 35th embodiment of the present invention. 

[297] Also in these circuits, the gate of a left transistor QN1L is connected to the input 
portion of an even-numbered boost unit counted from the VPP node among a plurality 
of right boost units, and that of a right transistor QN1R is connected to the input 
portion of an even-numbered boost unit counted from the VPP node among a plurality 
of left boost units. 

[298] That is, the gate and source voltage levels of the transistors QN1L and QN1R 
gradually rise while changing in phase, which does not satisfy condition (2) . 
However, the gates of the transistors QN1L and QN1R are connected to the input 
portions of the boost units, so that the maximum gate voltages of the transistors QN1L 
and QN1R become higher than the output voltages VOUT1, VOUT2, and VOUT3. 
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[299] These circuits can also achieve high boosting ability of the boost unit, high the 
transfer capacity for the boosted voltage VPP, and a low the power supply voltage 
Vcc, compared to the circuits of FIGS. 1 and 2. 

[36TH AND 37TH EMBODIMENTS] 

[300] FIG. 46 shows a boosted voltage generating/transferring circuit according to the 36th 
embodiment of the present invention, and FIG. 47 shows a boosted voltage 
generating/transferring circuit according to the 37th embodiment of the present 
invention. 

[301] In these circuits, an odd number of boost units are arranged on each of the right and 
left sides. The gate of a left transistor QN1L is connected to the output portion of an 
odd-numbered boost unit counted from the VPP node among a plurality of right boost 
units, and that of a right transistor QN1R is connected to the output portion of an odd- 
numbered boost unit counted from the VPP node among a plurality of left boost units. 

[302] The gate and source voltage levels of the transistors QN1L and QN1R gradually rise 
while changing in phase, which does not satisfy condition dX Even so, these circuits 
can also achieve high boosting ability of the boost unit, high transfer capacity for the 
boosted voltage VPP, and a low power supply voltage Vcc, compared to the circuits 
of FIGS. 1 and 2. 

[38TH EMBODIMENT] 

[303] FIG. 48 shows a boosted voltage generating/transferring circuit according to the 38th 
embodiment of the present invention. 

[304] In the circuit of this embodiment, an even number of boost units are arranged on each 
of the right and left sides. The gate of a left transistor QN1L is connected to the 
output portion of an even-numbered boost unit counted from the VPP node among a 
plurality of right boost units, and that of a right transistor QN1R is connected to the 
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output portion of an even-numbered boost unit counted from the VPP node among 
a plurality of left boost units. 

[305] The gate and source voltage levels of the transistors QN1L and QN1R gradually rise 
while changing in opposite phases, which satisfies condition (2). Therefore, this 
circuit can also achieve high boosting ability of the boost unit, high transfer capacity 
for the boosted voltage VPP, and a low power supply voltage Vcc. 

[39TH AND 40TH EMBODIMENTS] 

[306] FIG. 49 shows a boosted voltage generating/transferring circuit according to the 39th 
embodiment of the present invention, and FIG. 50 shows a boosted voltage 
generating/transferring circuit according to the 40th embodiment of the present 
invention. 

[307] The circuit of FIG. 49 is a modification of the circuit of FIG. 23, whereas the circuit of 
FIG. 50 is a modification of FIG. 24. These circuits are characterized in that right and 
left boost units receive in-phase oscillation signals. 

[308] In this case, condition (2) can be satisfied so long as the gates of transistors QN1L and 
QN1R are connected to the input portions of even-numbered boost units counted from 
the VPP node (or the output portions of odd-numbered boost units counted from the 
VPP node). Since the gates of the transistors QN1L and QN1R are connected to 
capacitors (e.g., capacitors at the input or output portions of the boost units), the 
maximum gate voltages of the transistors QN1L and QN1R are high, which satisfies 
condition ®. 

[309] Accordingly, these circuits can also achieve high boosting ability of the boost unit, 
high transfer capacity for the boosted voltage VPP, and a low power supply voltage 
Vcc. 
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[310] Alternatively, as shown in FIG. 51, the output voltages VOUT1, VOUT2, and 
VOUT3 in the circuits of FIGS. 49 and 50 may be applied to the gate of an N-channel 
MOS transistor QN6, and the transistor QN6 may be used to transfer the boosted 
voltage VPP. 

[OTHERS] 

The present invention has been described in detail. The present invention is not 
limited to the above 40 embodiments, and can be variously changed. 

For example, in the above-described embodiments, all the transistors for receiving the 
boosted voltage are of N-channel type, but may be of P-channel type. Alternatively, 
some of transistors for receiving the boosted voltage may be of P-channel type. 

In this case, the boosted voltage generating circuit generates a negative boosted 
voltage -VPP, and the boosted voltage generating/transf erring circuit transfers the 
negative boosted voltage -VPP. This boosted voltage generating/transferring circuit 
for transferring the negative boosted voltage -VPP can attain high boosting ability of 
the boost unit, high transfer capacity for the boosted voltage VPP, and a low power 
supply voltage Vcc. 

[314] The above-mentioned embodiments use two complementary signals (see FIG. 4) of 
opposite voltage levels. Instead, signals shown in FIG. 52 or 53 may be used. 

[315] In this case, condition (2) changes to (2) The gate and source of the transistor QN1 are 
driven by different timing signals (the gate of the transistor QN1 is driven by one of 
RING and /RING, and its source is driven by the other of RING and /RING). 

[316] In the present invention, the number of oscillation signals used for boosting operation 
need not always be two, but may be three or more. The circuit of the present 
invention can be applied not only to a case wherein the boosted voltage (voltage 
prepared by boosting the power supply voltage Vcc by the booster) VPP is transferred 
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by the transistor QN6, but also to a case wherein a voltage equal to or lower than the 
power supply voltage Vcc is transferred. 

[317] In the circuit of FIG. 20, the threshold voltage *Vtn of the transistor in the boost unit 
is set lower than the threshold Vtn of the transistor QN1. However, the threshold of 
the transistor in the boost unit can be modified as follows. 

[318] For example, in the circuit of FIG. 10, the threshold voltage of the transistor *QN7 in 
the first boost unit counted from the VPP node can be set to *Vtnl, and that of the 
transistor *QN8 in the second boost unit counted from the VPP node can be set to 
*Vtn2 (< *Vtnl). 

[319] In other words, when a plurality of boost units exist, the threshold voltage of a 
transistor in a boost unit on the transistor QN6 (node N3) side can be set lower than 
that of a transistor in a boost unit on the VPP node side. 

[320] In this case, the number of types of transistors (threshold voltages) constituting the 
boosted voltage generating/transferring circuit increases, but the boosting ability of 
the boost unit on the transistor QN6 side can be enhanced. Accordingly, high transfer 
capacity for the boosted voltage VPP and a low power supply voltage Vcc can be 
realized. 

[321] Especially, a boost unit closer to the node N3 among a plurality of boost units exhibits 
higher input and output voltages, and readily degrades in boosting ability. For this 
reason, decreasing the threshold voltage of a transistor in the boost unit closer to the 
node N3 is very effective for obtaining the effects of the present invention described 
above. 

[322] If this method is applied to the circuit of FIG. 10, the threshold voltages of the 
transistors QN1, *QN7, *QN8, and QN6 have a relation of® *Vtn2 (*QN8) < *Vtnl 
(*QN7) < Vtn (QN1, QN6). In the circuit of FIG. 10, the threshold voltages of the 



- 51 - 



transistors QN1, *QN7, *QN8, and QN6 have a relation of © *Vtn (*QN8, *QN7) < 
Vtn (QN1, QN6). 

[323] This method can be applied not only to the circuit of FIG. 10 but also to circuits each 
having a plurality of boost units in the 40 embodiments. 

[324] FIG. 54 shows an example of a boosted voltage generating/transferring circuit using a 
P-channel MOS transistor. 

[325] The above embodiments concern a boosted voltage generating/transferring circuit 
using an N-channel MOS transistor, but the present invention can also be applied to a 
boosted voltage generating/transferring circuit using a P-channel MOS transistor. 

[326] In this example, the N-channel MOS transistors QN1, QN2, and QN3 in the boosted 
voltage generating/transferring circuit of FIG. 3 are replaced by P-channel MOS 
transistors QP1, QP2, and QP3. In this case, the gate and source (source serves as 
the output portion of a boost unit) of each of the MOS transistors QP2 and QP3 in 
boost units (represented by *) are connected to each other. The power supply voltage 
Vcc is applied to the gates of MOS transistors QN4 and QN5 in order to transfer the 
input signal (ground potential) IN to the gate of the MOS transistor QP1 and the nodes 
N2 and N3 in the OFF state. 

[327] This boosted voltage generating/transferring circuit can also achieve high boosting 
ability of the boost unit, high transfer capacity for the boosted voltage VPP, a low 
power supply voltage Vcc, and a small circuit area. 



[328] 



FIG. 55 shows an example of a negative voltage generating/transferring circuit using 
an N-channel MOS transistor. 
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[329] The above embodiments relate to a boosted voltage generating/transferring circuit, but 
the present invention can also be applied to a negative voltage generating/transferring 
circuit. 

[330] In this example, the boosted voltage generating/transferring circuit of FIG. 3 is 
modified into a negative voltage generating/transferring circuit. In this case, the gate 
and source (source serves as the output portion of a down unit) of each of MOS 
transistors QN2 and QN3 in down units (represented by *) are connected to each 
other. 

[331] The ground potential Vss is applied to the gates of P-channel MOS transistors QP4 
and QP5 in order to transfer the input signal IN to the gate of a MOS transistor QN1 
and the nodes N2 and N3 in the OFF state. A P-channel MOS transistor QP6 transfers 
a negative voltage -VEE. 

[332] This negative voltage generating/transferring circuit can also achieve high down 
ability of the down unit, high transfer capacity for the negative voltage -VEE, a low 
power supply voltage Vcc, and a small circuit area. 

[333] FIG. 56 shows an example of a negative voltage generating/transferring circuit using a 
P-channel MOS transistor. 

[334] The example of FIG. 55 is a negative voltage generating/transferring circuit using an 
N-channel MOS transistor. The present invention can also be applied to a negative 
voltage generating/transferring circuit using a P-channel MOS transistor. 

[335] In this example, the N-channel MOS transistors QN1, QN2, and QN3 in the negative 
voltage generating/transferring circuit of FIG. 55 are replaced by P-channel MOS 
transistors QP1, QP2, and QP3. In this case, the gate and drain (drain serves as the 
input portion of a down unit) of each of the MOS transistors QP2 and QP3 in down 
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units (represented by *) are connected to each other. The ground potential Vss is 
applied to the gates of MOS transistors QP4 and QP5. 

[336] This negative voltage generating/transferring circuit can also achieve high down 
ability of the down unit, high transfer capacity for the negative voltage -VEE, a low 
power supply voltage Vcc, and a small circuit area. 

The present invention can be variously modified within the spirit and scope of the 
invention. 

[CONCLUSION] 

As has been described above, according to the present invention, the boosted voltage 
generating/transferring circuit can achieve high boosting ability of the boost unit, high 
transfer capacity for the boosted voltage VPP, a low power supply voltage Vcc, and a 
small circuit area. Along with this, a semiconductor integrated circuit (e.g., 
EEPROM) using the boosted voltage generating/transferring circuit of the present 
invention can realize high-speed operation and a small chip area, and has a wide 
operable power supply voltage range. 

[339] Additional advantages and modifications will readily occur to those skilled in the art. 
Therefore, the invention in its broader aspects is not limited to the specific details and 
representative embodiments shown and described herein. Accordingly, various 
modifications may be made without departing from the spirit or scope of the general 
inventive concept as defined by the appended claims and their equivalents. 
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